T he germinal center (GC) reaction of antigen-activated B lymphocytes is the hallmark of antibody-mediated immune responses to T cell-dependent antigens (1) . Individuals with genetic defects impairing GC formation suffer from immunodeficiency (2) , and transgenic mice lacking factors that are required for GC formation do not show affinity maturation of the antibody response or humoral memory (summarized in ref.
3). GC B cells are also thought to be involved in the pathogenesis of most types of human B cell malignancies, including diffuse large cell lymphoma, follicular lymphoma, and Burkitt lymphoma (4, 5) .
The GC reaction starts when naïve B cells (IgM ϩ IgD ϩ ) are activated by antigen receptor stimulation and receive costimulatory signals from immune helper cells (6) (7) (8) . These events induce the B cell to transform into a centroblast (CB) that proliferates within the histologically defined ''dark zone'' of the GC (1, 9, 10) ; CBs express the Ki67 nuclear antigen and can be identified by the expression of the CD77 cell surface marker (11) . It is generally thought that CBs revise their antigen receptors through somatic hypermutation of IgV region genes, a process that introduces mainly single nucleotide substitutions into the IgV gene to generate antibodies with a higher or lower affinity to the respective antigen (7, 12) . CBs then develop into noncycling centrocytes (CCs), which compose the ''light zone'' of the GC (9) and are distinguished from CBs by their lack of expression of the CD77 and Ki67 markers (11) . In the CC stage, newly generated antibody mutants are selected based on their ability to bind their cognate antigen with the help of follicular dendritic cells and T cells. A large fraction of GC B cells undergoes apoptosis as they have acquired deleterious somatic mutations in their IgV regions that abolish antigen binding, whereas CCs expressing high-affinity antibody mutants eventually differentiate into plasma cells or memory B cells. A fraction of CCs also switches from the expression of IgM and IgD to that of other Ig classes by somatic DNA recombination to generate antibodies with different effector functions. The high-affinity memory B cells released from the GC are long-lived and have acquired the potential to rapidly differentiate into Ig-secreting cells during secondary immune responses (13) .
Current knowledge of the physiology of the GC reaction is based on: (i) genetic approaches that have identified molecules required for GC development; (ii) the characterization of GC subpopulations based on the expression of immunophenotypic markers; and (iii) in vitro experiments that attempt to recapitulate the regulatory aspects of in vivo GC development. Although these studies have provided fundamental information on the physiology of GCs, they are based on the analysis of individual or small numbers of genes, proteins, or signaling pathways and cannot fully address the complex dynamics of the GC reaction. To obtain a comprehensive view of GC function and generate a data set for comparing normal versus malignant B cells, we have tracked the expression of Ϸ12,000 genes during the GC reaction.
Methods
Magnetic Cell Separation and Flow Cytometry. Tonsils were obtained from routine tonsillectomies performed at the Babies and Children's Hospital of Columbia-Presbyterian Medical Center. Informed consent was obtained from the patients and͞or exempt from informed consent being residual material after diagnosis and fully anonymized. Tissue collection was approved by the institutional ethical committee. The specimens were kept on ice immediately after surgical removal. After mincing, tonsillar mononuclear cells (MCs) were isolated by Ficoll-Isopaque density centrifugation. The four B cell subpopulations were isolated by magnetic cell separation by using the MidiMACS system (Milteny Biotec, Auburn, CA); for details see Supporting Text, which is published as supporting information on the PNAS web site, www.pnas.org. Briefly, naïve B cells were isolated by depletion of GC B cells (CD10, CD27), memory B cells (CD27), plasma cells͞blasts (CD27), and T cells (CD3), followed by a positive enrichment of IgD-positive cells. CB were isolated in a single step by magnetically labeling CD77-positive cells. To enrich for CC, tonsillar MCs were first depleted for CB (CD77), naïve, memory, and plasma cells͞blasts (CD39), and T cells (CD3). In a second step, CC were enriched by CD10. Memory B cells were purified by depletion of GC B cells (CD10, CD38), plasma cells͞blasts (CD38), and T cells (CD3), followed by a positive enrichment of CD27-positive cells. The purity of the isolated fractions was determined on a FACSCalibur (Becton Dickinson) and by Ig V region gene analysis (see Table 1 , which is published as supporting information on the PNAS web site). In addition, 89% of CBs and 82% of CCs isolated from the same tonsils expressed the GC-specific Bcl6 protein (14) , but were negative for TdT, except for 1% of CC as noted (15) (data not shown). To exclude the possibility that some of the genes defining the profiles actually correspond to message from con-taminating T cells, we purified T cells from the tonsillar MCs of two individuals by magnetic cell separation (Milteny Biotec); only a few genes might have potentially been derived from T cells. The occurrence of macrophages͞monocytes in any of the fractions is unlikely because message for CD14 or CD33 was not detectable in all 20 hybridizations.
Immunohistological Analysis. Stainings were performed on formalin-fixed, paraffin-embedded tonsillar tissue sections. Antibodies used were: rabbit anti-N-terminal c-Myc (clone N-262) and rabbit anti-IL-2 receptor ␤ (IL-2R␤) (clone C-20) (both Santa Cruz Biotechnology), and mouse anti-Pax-5 (PharMingen). A full characterization of the specificity of antibodies and tissue distribution of c-Myc will be reported elsewhere.
Gene Expression Profiling. Microarray hybridization using Affymetrix (Santa Clara, CA) U95A GeneChip arrays was performed as described (16) . For data analysis, we used the GENES@WORK software platform (17) , which is a pattern discovery-based gene expression analysis tool, as described (16) . GENES@WORK is available through www.research.ibm.com͞FunGen. The primary data are available through ICG.cpmc.columbia.edu.
Results
Isolation and Characterization of B Cell Subpopulations. Based on recent characterizations of human B cell subsets (11, (18) (19) (20) , we devised protocols enabling the purification of naïve B cells, GC CBs and CCs, and memory B cells from human tonsillar MCs by magnetic cell separation (Fig. 1) . These four B cell subpopulations were purified from the tonsils of five individuals, and their phenotypes were analyzed by flow cytometric analysis (Fig. 1) . Further confirmation of their identity was obtained by: (i) nucleotide sequence analysis of Ig heavy-chain variable region (IgV) genes, which showed that naïve B cells expressed unmutated IgV genes (35͞38 transcripts), whereas the majority of those derived from the CB (32͞39), CC (29͞41), and memory (36͞42) fractions were somatically mutated as expected (11, 18 ) (see Table 1 ), and (ii) the observation that the vast majority of both CBs and CCs expressed Bcl6 protein (14) (see Methods). Together, these results indicate that these B cell populations represent well-defined phenotypic subsets as described (11, 15, (18) (19) (20) .
Gene Expression Profile Analysis. Total RNA samples from the purified naïve, CB, CC, and memory B cells were converted into labeled cRNAs and hybridized to Affymetrix U95A arrays representative of Ϸ12,000 genes (16) . To determine whether the four B cell subsets could be identified based on their gene expression profiles, the 20 data sets corresponding to five samples each of the naïve, CB, CC, and memory B cells were analyzed by using the unsupervised mode of the pattern discovery-based GENES@WORK software (17) . The first round of pattern discovery identified a pattern that clearly separated the 10 GC samples (CB and CC) from the 10 non-GC (naïve and memory) samples (Fig. 5a , which is published as supporting information on the PNAS web site). Subsequent unsupervised pattern discovery analyses of each of these two groups identified patterns that separated the naïve and memory B cell samples, and the CB and CC samples, the latter pattern composed of a smaller number of genes and thus of less statistically significance (17) . The unsupervised pattern discovery and the phenotypes of the isolated cell populations were further validated by noting the correct expression patterns of genes known to be differentially expressed among naïve, GC, and memory B cells (Fig. 5a ). Hierarchical clustering yielded results consistent with the unsupervised pattern discovery analyses (Fig. 5b) . Taken together, these findings indicate that each of the purified B cell subpopulations displays a distinct gene expression profile that is consistent among individuals.
Naïve B Cell to CB Transition. To identify changes in gene expression that occur in the transition from a naïve B cell to a GC CB, we compared these two subpopulations by supervised pattern discovery analysis using GENES@WORK, which allows the identification of differentially expressed genes between cell types defined a priori according to a given criterion (cell phenotype in this case) (see ref. 16 ). The naïve B cell 3 CB transition involves changes in the expression of 457 genes (Fig. 6 , which is published as supporting information on the PNAS web site), which are organized into putative functional categories in Fig. 2 (and Fig.  7 , which is published as supporting information on the PNAS web site).
The transition of a naïve to a GC B cell is associated with a dramatic change in the expression of genes associated with cell proliferation. Fifty-seven of 63 identifiable proliferationassociated genes were up-regulated in the GC B cells, including: (i) genes involved in DNA replication [e.g., PCNA (7-fold)]; (ii) cyclins A (7-fold), B 1 and B 2 (6-and 10-fold), E 1 and E 2 [9-fold over background (o.b.) and 7-fold] and F (3-fold) and various CDC genes, including CDC2 and CDC28 (8-and 3.5-fold, respectively); (iii) genes controlling the G 1 ͞S and G 2 ͞M transitions [e.g., DP-1 (3-fold), GADD45 (4-fold)]; and (iv) mitotic checkpoint kinases [e.g., BUB1 (5.5-fold), Mad3L (6-fold)], and mitotic genes that encode components of the centrosome, spindle, and kinetochore. Consistent with the change from a quiescent to a highly proliferative phenotype, the negative cell cycle regulator p21͞WAF-1 was completely down-regulated in the CB fraction (30-fold). Also the tumor͞growth suppressors BIN-1 and GOK͞STIM1, not previously known to be expressed in B cells, were down-regulated.
Surprisingly, the c-Myc protooncogene, which encodes a transcription factor thought to be ubiquitously expressed in proliferating cells, was not expressed in the CB. Whereas B cell lines and Burkitt lymphoma tumor biopsies contained high amounts of c-Myc mRNA as expected, the corresponding levels in CB were even lower than those in resting naïve or memory cells (Fig.  3 A) , suggesting that c-Myc expression may be actively suppressed in the CB. This result was confirmed by immunohistochemical analysis of human tonsil sections that showed that GC B cells, identified by CD20 staining, lack detectable levels of c-Myc protein in the nucleus (Fig. 3B) ; in contrast, nuclear c-Myc was readily detected in proliferating epithelial cells of the tonsils. These results were confirmed with three antibodies of nonoverlapping specificities (not shown). Expression of other Myc family members, such as N-Myc or L-Myc, did not appear to compensate for the absence of c-Myc in GC B cells, because mRNA for N-Myc and L-Myc were not detectable by microarray analysis in any of the four B cell populations, consistent with previous reports (21, 22) .
Genes associated with DNA repair were mostly up-regulated in the naïve B cell 3 CB transition, including the mismatch repair genes PMS2 (5-fold), MLH1 (6-fold), and MSH6 (3-fold), the base excision repair gene OGG1 (4-fold), and genes involved in aspects of replication, repair, and homologous recombination, namely BRCA-1 (26-fold o.b.), Rad2 (3-fold), Exo1 (5-fold), and DNA ligase 1 (7.5-fold).
The naïve B cell 3 CB transition is associated with significant and specific changes in the expression of genes controlling apoptosis. Genes known to exert proapoptotic functions, such as BIK (8.5-fold) and FAS͞CD95 (17-fold o.b.), were up-regulated in the CB, whereas antiapoptotic genes were strongly downregulated, including Bcl2 (6.5-fold) and TOSO (13.5-fold), the latter previously known to block CD95͞FAS-mediated apoptosis in T cells (23) .
A number of cytokines, chemokines, and their receptors were down-regulated in CB, including the chemokine receptors CCR6 (32-fold) (24) and CCR7 (27-fold), the class I cytokine receptor WSX-1͞CLR1͞TCCR (32-fold o.b.), a novel receptor expressed on CD4 ϩ T cells that is required for Th1-type immune responses in mice (25) , and the class II cytokine receptor CRF2-4 (9-fold), the ␤-subunit of the IL-10 receptor complex.
Eight genes associated with cell adhesion were downregulated in the naïve B cell 3 CB transition, including CD44 (11-fold), CD62L (9-fold), and the semaphorin receptor VESPR (7-fold). A number of adhesion-related genes up-regulated in the CB were so far not known to be associated with B lymphocyte physiology (Fig. 2) . These genes include trophinin and tastin (both 19-fold o.b.) that are involved in embryo implantation (26) , as well as OIP5 and GARP (8-and 10-fold, respectively), two molecules whose structure suggest functions in cellular adhesion.
CB to CC Transition. The CB 3 CC transition involved changes in the expression of only 19 genes (Fig. 6) . Some of the genes up-regulated in CC, including TdT (9-fold o.b.), RAG-1 (12.5-fold o.b.), and 14.1 surrogate light chain (5-fold) ( Fig. 6 ; see also Fig. 2) , are known to be expressed in B cells undergoing Ig gene rearrangements (immature or ''transitional'' B cells), and their expression was previously reported in purified CC fractions (15) . In addition, our results show that CC express the mRNA for lymphocyte enhancing factor-1 (9.5-fold), which is required for the transition of the pro-B cell to the pre-B cell stage (27) . These findings are explained by the recent observation that immature B cells with phenotypic characteristic of CCs are present in peripheral lymphoid organs and copurify with CCs (see Discussion). The remaining 15 genes distinguishing CBs from CCs were expressed at levels similar to those in naïve or memory B cells, (Fig. 6 ). As evident from Fig. 2 , most genes associated with activation, proliferation, and DNA metabolism regained expression levels comparable to those found in the naïve B cells, implying that most post-GC memory cells return to quiescence. The antiapoptotic genes Bcl2 (8.5-fold) and TOSO (4.5-fold) were also up-regulated in the CC 3 memory B cell transition, returning to levels of expression similar to those in naïve cells.
The chemokine receptor CCR6 (7-fold) as well as the cytokine receptors WSX-1͞CLR1͞TCCR (21.5-fold o.b.) and CRF2-4͞ IL-10R ␤ chain (4.5-fold) also regained expression levels comparable to those found in naïve cells. Among the adhesionassociated molecules, the CD11b͞Mac-1͞complement receptor type 3 gene was found to be strongly up-regulated in the CC 3 memory B cell transition (12.5-fold o.b.); CD11b was recently shown to be expressed on a subpopulation of human peripheral blood memory B cells (28) .
Naïve B Cell to Memory B Cell Transition. To identify directly the phenotypic differences between pre-GC and post-GC B cells, we compared the gene expression profiles of naïve and memory B cells. Supervised pattern discovery revealed only 62 differentially expressed genes (Fig. 6) . Overall, there was no change in the expression of antiproliferative and pro-proliferative genes or of genes involved in DNA metabolism. Conversely, the apoptosis-inducing genes that were up-regulated in the naïve B cell 3 CB transition (i.e., CD95͞FAS and BIK) remain expressed at similar levels in the memory B cells (Fig. 2) . However, the antiapoptotic genes Bcl2 and TOSO are similarly expressed in both naïve and memory cells. Thus, the memory B cell, in contrast to the naïve B cell, contains mRNA from both antiapoptotic and proapoptotic genes.
Four genes involved in chemotaxis and responsiveness to cytokines were up-regulated in the memory cells, including the osteoprotegerin ligand (OPGL) (9-fold o.b.) and IL-2R␤ (95-fold o.b.). mRNA for IL-2R␤ was found to be up-regulated in the GC fractions and, to a greater extent, in the memory B cells (Fig.  2) . Immunohistochemical analysis of tonsillar sections showed that individual B cells, as defined by the expression of the B cell marker Pax-5, expressed IL-2R␤ within both the GC light zone and resting B cells of the subepithelium, the site of memory B cells in tonsils (29) (Fig. 4) . Together, these observations suggest that IL-2R␤ is up-regulated on some GC B cells in the light zone and that these eventually may differentiate into memory cells.
Several cell adhesion molecules were differentially expressed in the two cell types. Naïve cells expressed mRNA for protocadherin-9͞VRA-11 (19-fold), a cell adhesion molecule identified in the nervous system, whereas memory B cells specifically contained message for CD11b͞Mac-1 (12.5-fold o.b.). As evident from Figs. 2 and 7, the majority of the genes that discriminate naïve and memory B cells were already up-regulated in GC cells and remain expressed in memory B cells.
Discussion
In this study, we have attempted a characterization of the GC reaction by gene expression profiling, an approach that is ideally suited for addressing the complexity of biological processes in which multiple pathways are sequentially activated. This approach was previously used to characterize the signature of GC B cells by comparing them to quiescent and in vitro-activated B cells (30, 31) ; although naïve and memory B cell samples were included in that study, analysis of the different stages of GC development was not performed, conceivably because only one sample for each subpopulation was available. The results presented here provide a detailed analysis of each of the known stages of GC B cell development in vivo.
The Naïve B Cell. Substantial evidence indicates that naïve B cells are resting and lack mRNAs that encode proliferationpromoting genes (29) . Nonetheless, our results indicate that naïve B cells express proliferation-inhibitory genes (e.g., p21͞ WAF-1) as well as tumor or growth suppressor genes (BIN1, GOK1) whose expression has not been described in B cells. In addition, naïve cells express mRNA for the various immediate early response genes (c-jun, ERF-2) and cyclins (D1 and D2) that are required for G 1 -to S-phase transition. These findings suggest that naïve B cells are actively maintained in a quiescent state by the expression of growth-inhibitory genes, but are poised for rapid induction of the GC response by expression of activation genes that are required to initiate cell proliferation. The results herein also indicate that naïve cells express a complex set of cytokine and chemokine receptors, as well as various adhesion molecules, almost all of which are down-regulated in GC B cells. Thus, the naïve B cell seems to be equipped to respond to signals that induce its activation and determine its homing to specific peripheral lymphoid organs.
Phenotype of GC CBs. The gene expression profiles described here substantiate earlier reports on the proliferative status of CB (1, 9, 10) . Nonetheless, our results show that the proliferative activity of CB has unique properties that set it apart from other cell types. Most notable is the lack of expression of the c-Myc protooncogene (Fig. 3) , a result that is in contrast with previous reports showing c-Myc RNA and protein in GC B cells (32, 33) . This discrepancy may be caused by: (i) the use of RT-PCR (32, 33), a technique too sensitive to minimal cell contamination to be used for the analysis of purified B cell subpopulations (see Supporting Text) and (ii) cross-reactivity of the anti-c-Myc antibody used with other molecules, as suggested by the fact that c-Myc was localized to the ''nuclear membrane'' (33) as opposed to the more typical diffuse nuclear distribution shown here. The lack of c-Myc expression in CBs is particularly surprising in view of the fact that c-Myc is thought to be required for cell proliferation and cell growth (34) and therefore would be expected to be essential for CBs, which are relatively large cells with one of the fastest proliferative rates among eukaryotic cells (35) . On speculative terms, this finding can be explained by the recent observation that c-Myc can induce genomic instability and recombination (36) , an activity that may not be desirable in GC B cells that have to undergo physiologic DNA double-strand breaks to execute somatic hypermutation and Ig switch recombination. Notably, the lack of c-Myc expression in GC B cells has implications for understanding the pathogenesis of Burkitt lymphoma because it suggests that chromosomal translocations may lead to ectopic, rather than deregulated, expression of c-Myc as currently postulated (37) .
The changes in gene expression profiles that characterize the naïve to GC transition indicate a radical change from an antiapoptotic program to a markedly proapoptotic one. This proapoptotic phenotype is the result of both the induction of proapoptotic genes as well as by the down-regulation of antiapoptotic genes. Among the latter, our results identify TOSO (23), a member of the Ig superfamily, as a player in the regulation͞ execution of B cell apoptosis in the GC. These results provide a mechanistic basis for the model, previously proposed based only on in vitro data, that GC B cells are primed to undergo programmed cell death if not rescued (38) .
A previously unrecognized aspect of the phenotype of GC B cells is the expression of a specific profile of adhesion receptor genes including several that had not been previously associated with B lymphocyte physiology (see Results). This finding implies that a distinct adhesion molecule repertoire is presented on the cell surface of GC B cells, possibly to facilitate specific interactions with accessory cells as well as trafficking within the GC microenvironment. Some of these adhesion molecules may characterize topographically distinct GC subpopulations and influence the spread of GC-derived tumors.
CBs Versus CCs. The two major GC B cell subpopulations, CBs and CCs, were previously identified based on various independent criteria, including their topographical distribution within the GC (CBs in the dark zone and CCs in the light zone), proliferative status (active for CBs and quiescent for CCs), and differential expression of the CD77 and CD44 markers (1, 9 -11, 39) . Of these phenotypic traits, the differential CD77 expression was the only one readily exploitable for cell purification and was therefore used in this study to isolate CBs and CCs. It was thus surprising that CB and CC populations isolated by virtue of differential CD77 expression and validated by typical GC markers (e.g., CD10, CD38 high , and mutated IgV genes) showed a largely common gene expression profile differing in the expression of only 19 genes. Considering that supervised gene selection methods can identify differentially expressed genes only if they are uniformly expressed within each of the two cell types under study, a possible explanation for this result is that either the CB and͞or the CC fractions may represent heterogeneous cell populations. This hypothesis is supported by: (i) the existence of CC subpopulations characterized by the differential expression of transcription factors such as Bcl6, IRF-4͞MUM-1 (40), Blimp-1 (41), and IL-2R␤ (Fig. 4) , and (ii) the observation that the CC fraction contains mRNA species characteristic of immature B cell precursors (RAG-1, TdT, surrogate light chain, and lymphocyte enhancing factor-1) (ref. 15 and Fig. 2) , suggesting the presence of immature B cells in peripheral lymphoid organs where they are localized outside the GC microenvironment (42) (43) (44) . Taken together, our results and these observations indicate that the CD77 marker does not identify the two histologically defined populations of GC B cells. Whereas CD77 ϩ GC cells appear homogeneous, CD77 Ϫ GC cells comprise subpopulations that need further characterization.
Memory B Cells.
Previous studies showed that memory B cells differ from naïve cells in several aspects, including their size, Ig mRNA levels, response to in vitro activation stimuli, expression of the tumor necrosis factor receptor family member CD27 (18, 20, 29, 45, 46) , and expression of CD80 and CD11b on a subset of cells (28) . Our results confirm these few known differences, but indicate that the overall gene expression profiles of naïve and memory B cells are remarkably similar (Fig. 6 ). This finding suggests that the GC reaction does not produce drastic changes in the cell phenotype, but rather represents a selection process largely based on the ability of B cells to hypermutate IgV genes to increase their affinity for the antigen.
Our results reveal that a subset of memory B cells express the IL-2R␤ chain, which is part of the IL-2R complex and is also involved in the response to IL-15 (47) . Because this molecule is also expressed in a subset of cells localized in the GC light zone, it is possible that IL-2R␤-expression identifies late CCs that are committed to the memory lineage or differentiated memory B cells that are about to leave the GC. The identification of IL-2R␤ as a marker of a subset of memory B cells further suggests that the memory B cell pool includes distinct subsets with distinct roles in secondary immune responses (18, 28, 48 -50) .
Implications for the Study of GC-Derived B Cell Malignancies. Finally, the gene expression profiles of the normal B cell subsets established here are especially valuable for the study of transformed B cells because most types of B cell malignancies are derived from cells that have passed through the GC (4, 5) . Several studies aimed at identifying prognostic subgroups of B cell lymphoma have compared these tumors with GC B cells and in vitro-activated B cells (30, (51) (52) (53) . However, these two populations are not adequate to represent the multiple stages of GC development that occur in vivo. For instance, the profiles from isolated B cell subpopulations have allowed us to propose a memory B cell origin for B cell chronic lymphocytic leukemia (16) . The profiles of four distinct B cell subpopulations shown here should give a more precise reference for studies on the cellular origin of the various B cell malignancies, the identification of genes involved in oncogenic transformation, and gene products of potential therapeutic relevance. 
Magnetic Cell Separation
The tonsillar specimens were kept on ice immediately after surgical removal. To prepare tonsillar MCs, tonsillar tissue was minced, the cell suspension was passed through a sieve, and tonsillar MCs were isolated by Ficoll-Isopaque density centrifugation. The four B cell subpopulations were isolated by magnetic cell separation using the MidiMACS system (Miltenyi Biotech). The purity of the isolated fractions was anti-CD10, and in a second step with anti-IgG1-MB. CD10 + CCs were isolated by using LS Columns. Purity was determined by staining against CD38, CD3, and CD77. We observed that CD77-negative CC comprise only a small fraction in most tonsillar MCs.
To obtain a high purity, we purified CC from tonsils that showed a higher than average percentage of CD77 -GC B cells. For the isolation of memory B cells, tonsillar MCs were incubated with anti-CD10, anti-CD3, and anti-CD38 (Pharmingen), the latter at a titer of 1:1,000 to facilitate a selective depletion of CD38 high plasma cells and GC B cells.
After washing, the cell suspension was stained with anti-IgG1-MB and anti-CD14-MB.
Labeled cells were depleted by passing the cell suspension over an LD Column. The flow-through was stained with anti-CD27-FITC, and in a second step with anti-FITC-MB. CD27 + cells were isolated by using LS Columns. Purity was determined by staining for CD38 and CD27. Detailed protocols for the isolation of the four subsets are available on request.
Because tonsillar MCs are almost exclusively composed of B and T lymphocytes, the latter are the major potential source of cellular contamination in our isolation protocols.
To exclude the possibility that in the DNA microarray analysis some of the genes defining the profiles actually correspond to message from contaminating T lymphocytes, we purified T cells from the tonsillar MCs of two individuals by using anti-CD3-MB.
Comparing the corresponding gene expression data with those of the B cell subsetspecific profiles, only a few genes were identified that potentially might have been derived from T cells. Macrophages/monocytes comprise only around 1% of tonsillar
MCs. The occurrence of such cells in any of the four fractions is unlikely because message for macrophages/monocytes-specific genes such as CD14 or CD33 was not detectable on the DNA microarrays of all 20 hybridizations.
